


































4HE DISCOVERY  THAT  SUPPORTED GOLD  CATALYSTS  CAN HAVE HIGH 
ACTIVITY  FOR  THE  OXIDATION  OF  #/  HAS  STIMULATED  EXTENSIVE 
RESEARCH ON  THEM  ;=  )T  IS  NOW EVIDENT  THAT  THIS  ACTIVITY  IS 
DIRECTLY  LINKED  TO  TWO  MAIN  FACTORS  I	  SMALL  PARTICLE  SIZE 
AND II	 THE USE AS SUPPORT OF AN OXIDE OF A TRANSITION METAL 
ABLE  TO  ASSIST  THE  REACTION  ;=    4HE  MOST  WIDELYUSED 
PREPARATIVE METHOD IS THE SOCALLED DEPOSITIONPRECIPITATION 
½RST  EMPLOYED  BY -  (ARUTA  AND  HIS  ASSOCIATES  ;=  CAREFUL 
CONTROL  OF  THE  P(  ESPECIALLY  DURING  THE  ½NAL  STAGES  OF  THE 
PREPARATION HAS ENABLED THE ACTIVITY OF !U4I/ CATALYSTS  TO 
BE MAXIMISED ;= 
4HE  LARGEST  APPLICATION OF  CERAMIC MONOLITHS  AS  CATALYST 
SUPPORTS  IS  IN  THE  AUTOMOTIVE  INDUSTRY  FOR  THE  CONTROL  OF 
GASEOUS AND PARTICULATE EMISSIONS FROM GASOLINE AND DIESEL
FUELLED  ENGINES  ALL  AUTOMOBILES  ARE  NOW  ½TTED WITH  EITHER 
CERAMIC  OR METALLIC  HONEYCOMBSUPPORTED  CATALYSTS WHICH 
HAVE  NOW  REPLACED  PACKEDBED  REACTORS  ;=  4HE  CHANNELS 
PERMEATING  THE MONOLITH  ALLOW HIGH  ¾OWRATES WITH  ONLY  A 
LOW  PRESSUREDROP  #ORDIERITE  !L-G3I!L/	  SELECTED 




MG	  BUT  THIS  CAN  BE  INCREASED  BY  DEPOSITION  OF  A  ³WASH 
COAT´  OF  A  HIGHAREA  OXIDE  4YPICALLY  ALUMINA  IS  INTRODUCED 
INSIDE THE CHANNELS BY A ³DIP AND DRAIN´ TECHNIQUE THE COATED 
MONOLITH  IS  THEN  CALCINED  4HE  NOBLE METALS  PLATINUM  AND 
PALLADIUM WHICH ARE ABLE TO RESIST HIGH TEMPERATURE AND ARE 
RELATIVELY  SULFUR  TOLERANT  CAN  BE  IMPREGNATED  AS  THEIR  SALTS 
DURING A SECOND STAGE OR DIRECTLY ADDED IN THE WASHCOAT TO 
IMPART  THE  NECESSARY  CATALYTIC  ACTIVITY  ;=  'OLD  CATALYSTS 
SUITABLY  PREPARED  HAVE  A  MUCH  HIGHER  ACTIVITY  FOR  #/ 
OXIDATION THAN EITHER PALLADIUM OR PLATINUM ;= AND ITS ABILITY 




INTEREST  TO  MANY  RESEARCH  GROUPS  ;=    -ANY  DIFFERENT 
TECHNIQUES FOR PUTTING A WASHCOAT ON THE MONOLITHIC BODY 






4HE  PURPOSE  OF  THE  PRESENT  WORK  WAS  TO  DEVELOP 
A PROCEDURE  FOR  COATING PIECES OF  CORDIERITE MONOLITH WITH 
AN  !U4I/  CATALYST  THAT  WOULD  BE  ACTIVE  FOR  THE  OXIDATION 









GOLD  CONTENT  WAS  DETERMINED  BY  !TOMIC  !BSORPTION 
3PECTROSCOPY ;=
0REPARATION OF COATED MONOLITHS
























CATALYST  WERE  THEN  PRESENT  WITH  THE  MUCH  SMALLER 
X  	  COLLOIDAL  PARTICLES  OF  4I/  THE  SLURRY WAS  BALLMILLED 
&RITSCH  TYPE   MODEL  	  TO  LOWER  THE  SIZE  OF  THE 
CATALYST PARTICLES BELOW  M SO THAT THEY WERE COMPARABLE 
TO THE SIZE OF THE LARGER MACROPORES OF THE CORDIERITE 4HEY 
WERE  THEREFORE  ABLE  TO  ENTER  THESE  PORES  AND  THEREFORE  A 
STRONGER BINDING OF THE CATALYST WAS OBTAINED  4HE MONOLITH 
WAS  ½RST  DRIED  AT    +  FOR    H  AND  AFTER  COOLING  IT WAS 
PLACED IN THE SLURRY FOR  MIN IT WAS THEN WITHDRAWN SHAKEN 
TO REMOVE THE EXCESS SLURRY AND WARM AIR WAS BLOWN INTO THE 
CHANNELS  FROM  SEQUENTIALLY  ALTERED  DIRECTIONS  TO  CLEAR  THE 
CHANNELS  FURTHER  )T  WAS  THEN  PLACED  IN  AN  OVEN  THE 
TEMPERATURE OF WHICH WAS RAISED  + MIN	 TO  + WHERE 
IT REMAINED FOR  H 
$ESPITE  THE  GOOD  QUALITY  OF  THE  COATING  THE  MONOLITH 
FAILED TO EXHIBIT ANY ACTIVITY FOR #/ OXIDATION BELOW  + THE 
MAIN REASON BEING THAT THE ½NAL P( OF THE PREPARATION 	 
WAS  TOO  LOW PREVIOUS WORK  ;=  HAS  SHOWN  THAT  AT  THIS  P( 





COAGULATE  NEVERTHELESS  THE  CATALYST  WAS  ADDED  AND  THE 





)T  IS  CONVENIENT  TO  PRESENT  THE  RESULTS  OBTAINED  BY  EACH 
METHOD USED IMMEDIATELY AFTER ITS DESCRIPTION 4HE PROCEDURE 
FOR  THE  CATALYTIC  TESTING  IS  THEREFORE  DESCRIBED  ½RST  CERTAIN 
OF  THE  MONOLITH  PREPARATIONS  USED  A  PREFORMED 




VOL #/	  IN  SYNTHETIC  AIR BEING  INTRODUCED  THROUGH A MASS 






BEING  ACHIEVED  BY MIXING METHANOL  WITH  #ARDICE  OR  LIQUID 
NITROGEN HIGHER TEMPERATURES WERE OBTAINED BY HEATING THE 
REACTOR  IN  A  FURNACE    #/  CONVERSION  WAS  MEASURED  AS  A 
FUNCTION  OF  TEMPERATURE    !CTIVITY  WAS  ½RST  TESTED  AT  ROOM 
TEMPERATURE AFTER THREE HOURS THE REACTOR WAS THEN PLACED IN 
A $EWAR ¾ASK  AND  THE  TEMPERATURE  LOWERED  AFTER WHICH  IT 












SOME  OF  THE  VARIABLES  IN  THE  PREPARATION  OF  !U4I/0	 
CATALYSTS ANY OF WHICH COULD AFFECT THEIR PERFORMANCE IN #/ 









$EGUSSA  0  AS  RECEIVED	  WAS  THEN  ADDED  WITH  STIRRING 
AT  ROOM  TEMPERATURE  THERE  WAS  AN  IMMEDIATE  DECREASE 





+  THE MONOLITH WAS  TESTED  FOR #/ OXIDATION  AND  A MUCH 
HIGHER  ACTIVITY  WAS  FOUND    &OUR  MONOLITH  PIECES  WERE 
PREPARED  IN  AN  IDENTICAL  MANNER  AND  SHOWED  EXCELLENT 
REPRODUCIBILITY SEE 4ABLE 	 ! LONGTERM TEST WAS PERFORMED 
AT ROOM TEMPERATURE ON ONE OF THE MONOLITHS AND AFTER A 
SLIGHT DECREASE  IN  CONVERSION DURING  THE ½RST  H   






USED  AS  SUPPORT  IN  A  CONVENTIONAL  PREPARATION    4HIS  WAS 
CARRIED OUT BY DEPOSITING A GOLD PRECURSOR AT P(  AND ROOM 
TEMPERATURE  
4HE  GOLD  CONTENT  WAS  ONLY    BUT  THE  RESULTING 
CATALYTIC  ACTIVITY    X    MOL#/  S
  G!U
  AT    +	  WAS 
THE  SAME  AS  THAT  SHOWN  BY  THE  BEST  MONOLITH  PIECES 







4I/  COLLOID    4HE CATALYST POWDER WAS  CAREFULLY MILLED AND 
THEN MIXED WITH DEIONISED WATER THE SLURRY WAS BALLMILLED 
AND THE P( RAISED TO  BY .A/( ADDITION  4HE MONOLITH WAS 
DIPPED  INTO  THIS  AND  PROCESSED  AS  BEFORE    !LTHOUGH  IT 
SHOWED  ACTIVITY  FOR  #/  OXIDATION  VISUAL  INSPECTION  SHOWED 
















ADDED  TO    G  OF  THE  4I/  COLLOID  AND  THE  SUSPENSION 
VIGOROUSLY STIRRED  IT WAS THEN USED TO COAT THE MONOLITH BY 
THE METHOD DESCRIBED ABOVE 
4HE  COATED  MONOLITH  PIECES  WERE  HELD  IN  PLACE  IN  A 
BEAKER  BY  MEANS  OF  PLASTICCOATED  WIRES  THAT  KEPT  THEM 
ALONG  THE  WALL  AT  THE  BOTTOM  OF  THE  BEAKER  AND  THEN 
IMMERSED IN A SOLUTION OF (!U#L RAISED TO P(  BY .A/( 












!CTIVITY  OF  !U4I/  SUPPORTED  ON  CORDIERITE  MONOLITH  PREPARED 
BY METHOD  FOR OXIDATION OF #/
  7T   7T       %AK* 
 #ATALYSTG  !UMG  4+  RSP
A  MOL
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MAY  HAVE  BEEN  ENCAPSULATED  BY  THE  COLLOID  DURING  THE 
PREPARATION 
%XAMINATION OF COATED MONOLITHS BY 3%-
%XTENSIVE  EXAMINATION  OF  THE  PRODUCTS  OF  EACH METHOD  OF 
PREPARATION WAS CONDUCTED BY SCANNING ELECTRON MICROSCOPY 
3%-	  AND  THE  QUALITATIVE  OBSERVATIONS  ON  THE  DEGREE  OF 
SUCCESS  REPORTED ABOVE ARE BASED ON THIS  TECHNIQUE 5SING 
MONOLITHS MADE  BY  THE  FOURTH METHOD  3%-  IMAGES  WERE 
OBTAINED OF THE TOP OF THE MONOLITH ON A CUT ABOUT  MM 
BELOW  THE  TOP  AND  ON  A  CUT  MADE  AT  ABOUT  THE  MIDDLE 
0ERPENDICULAR  VIEWS  OF  THE  COATED  LAYER  IN  INNER  AND OUTER 
CHANNELS AS WELL AS CROSSSECTIONS OF THE COATING WERE TAKEN 
4HE  PRESENCE  OF  COATING  MATERIAL  INSIDE  THE  CORDIERITE 
STRUCTURE WAS ALSO PROBED




IN  THE MIDDLE   4HE AVERAGE THICKNESS NEAR  THE MIDDLE WAS 
ABOUT  MM IN THE CORNERS OF THE CHANNELS AND ABOUT  
MM  ALONG  THE  WALLS  THIS  CAUSING  THE  CHANNELS  TO  BECOME 








AT    +  IT  WAS  CALCINED  AT    +  FOR    H    )T  WEIGHED 
 G AND ITS GOLD LOADING WAS  USING  #/ AND A 
TOTAL  ¾OW  OF    ML  MIN  AT    +  THE  CONVERSION  AFTER 
 MIN WAS  ^    4HIS  CORRESPONDS  TO  A  RATE  OF  ABOUT 
  MOL#/  S
  G!U
  BUT  QUANTITATIVE  COMPARISON  WITH  OUR 
ACTIVITIES  IS  IMPOSSIBLE  DUE  TO  THE  LARGE  DIFFERENCE  IN 
TEMPERATURE
#ONCLUSIONS       
#ONSTRUCTION  OF  A  COHERENT  UNIFORM  WASHCOAT  OF  4I/  ON 
CORDIERITE MONOLITH APPEARS TO DEPEND CRITICALLY ON THE USE OF 












JOINING  *OHNSON -ATTHEY  PLC  AS  (EAD  OF 
#ATALYSIS  2ESEARCH  IN     )N    HE 
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&IGURE 
,ONG TERM STABILITY TEST AT ROOM TEMPERATURE ON AN !UMONOLITH SAMPLE 
 MG CATALYST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